In biological nitrogen fixation the key intermediate compound, defined as the end product of the fixation reaction and the initial reactant of assimilation, is believed to be either ammonia or hydroxylamine. Burris and Wilson (1945) noted that these two possibilities need not be mutually exclusive but may occur simultaneously, depending on the concentrations of the carbon compounds serving as acceptors, e.g., keto acids. It is also possible that hydroxylamine may precede ammonia in the reaction chain of fixation and still not be a key intermediate in the sense that ammonia alone is concerned in the assimilation reaction. Hydroxylamine does not appear to be a likely intermediate in nitrogen fixation by Azotobacter vinelandii, strain 0, since neither nontoxic concentrations of salts of this base nor oximes of the common keto acids are used by growing cells (Novak and Wilson, 1948; Segal and Wilson, 1949) . To provide information dealing with the comparative physiology of biological nitrogen fixation, we have recently completed similar investigations with the anaerobic nitrogen fixer, Clostridium pasteurianum, strain W5.
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METHODS
The details of the methods have already been described (Novak and Wilson, 1948; Rosenblum and Wilson, 1950; Segal and Wilson, 1949) . Clostridium pasteurianum was grown in large test tubes containing 2 per cent sucrose in Winogradsky's salts plus the appropriate concentration of the particular nitrogen sources; the inoculum was 0.3 ml of a 20-to 24-hour potato culture of C. pasteurianum W5. The tubes were placed in desiccators, the appropriate gas atmospheres introduced (0.6 atm), and the cultures incubated at room temperature for 1 to 5 days. The design of a particular experiment requires a number of treatments and controls: in one series various concentrations of the compound under test were incubated in an atmosphere of H2; growth in this series was compared with that of a nitrogen-free control and with that of a series of tubes containing ammonium sulfate in identical concentrations of nitrogen as the compound under test. Another series, containing 50 to 100 /,ug NH3-N per ml in addition to the compound studied, served the double purpose of a toxicity control and a test of the compound's ability to enhance growth in combination with a known available source of nitrogen. A series grown under molecular N2 (but no added ammonia) served a similar purpose. Because hydroxylamine decomposes spontane-ously (Segal and Wilson, 1949) , a series of uninoculated controls was included, and residual NH20H was determined at the end of the experiments. Growth was estimated by measuring turbidities in a Coleman spectrophotometer at 530 mu on 5-ml samples diluted to 10 ml with 0.4 N HCl to dissolve residual CaCO3. This turbidimetric method was demonstrated to be sufficiently sensitive to detect the increase in growth due to 1 ,ug of NHr-N per ml.
RESULTS
After preliminary trials to establish toxicity levels, several experiments were made with each source of nitrogen tested. The detailed results are given in the thesis of the senior author (Rosenblum, 1950) ; since most of these were negative, they will only be summarized here. Hydroxyzamine. Salts of the free base were somewhat toxic even at concentrations of 1 to 2 ug N per ml; 5 ug N per ml were completely toxic. With the lower, relatively nontoxic levels, hydroxylamine was not utilized since none of the turbidity readings exceeded the N-free control; growth in equivalent concentrations of NH3-N was readily detectable. The presence of NH20H (5 pg N per ml or less) resulted in no additional growth on NHs or molecular N2 but did cause some inhibition. Moreover, even after 3 days residual hydroxylamine was found in the series containing the compound as the sole source of nitrogen at levels comparable to those in the uninoculated controls.
Oximes. Oximes of pyruvate, oxalacetate, and a-ketoglutarate appear to be slowly utilized by C. pasteurianum (table 1) . Although the growth was definitely higher than on the N-free control, after 2 days it was still less than that equivalent to 5 pug N per ml as ammonium sulfate, i.e., less than one-twentieth of the potential growth ( Atmosphere was 0.6 atm H2.
Hydrazine. Tbis compound, postulated as an intermediate by Virtanen and Hakala (1949) , was found to be completely toxic at levels between 5 to 10 ug N per ml. At nontoxic concentrations it was similar to hydroxylamine with respect to nonutilization and lack of effect on utilization of N2 and NH3-H.
Nitrate, nitrite, and hyponitrite. Although none of these inorganic compounds has been seriously considered to be an intermediate, they were included for comparison with the other compounds. As is evident from the data in tables 3 and 4, both nitrite and nitrate were utilized, but only after an appreciable lag in comparison with ammonia. A sample of sodium hyponitrite obtained through the courtesy of Dr. Robert Steinberg of the USDA was tested, but no evidence of utilization was obtained; the level of complete toxicity appeared to be about 30 to 50 Ag N per ml. As nitrous oxide may be considered to be the anhydride of hyponitrous acid, it would be expected to give similar results. As can be seen by the data in table 5, this expectation was realized. Kjeldahl analyses of a similar experiment in Erlenmeyer shake flasks revealed an increase in total nitrogen (Virtanen and Hakala, 1949) . The experimental facts appear to be that, although neither NH20H nor NH2NH2 can be used as a source of nitrogen by growing cells of either Clostridium or Azotobacter, the common oximes apparently can be used by the anaerobe but not by the aerobe. An alternative explanation then of the results of the tests for oxime-N is that the traces found in cultures of Azotobacter arise from NH20H formed through side reactions; since these oximes cannot be utilized by the organism, they accumulate and can be readily detected in the cultures. Such compounds, if formed by Clostridium, could be utilized and hence would be absent from these cultures.
The results of Cohen-Bazire and Cohen (1949) , although suggestive, do not provide critical evidence that Clostridium can use NH20H for growth since "resting" suspensions of the organism were used, and the observed reduction by such relatively heavy suspensions may be entirely nonspecific. The results reported in this paper suggest that, although nitrogen in NH20H itself is not available for growth, oxime-N is. It is true that the rate and extent of utilization of the oximes are not too impressive compared with ammonia or free N2, but, as in the past, the factor of permeability could be advanced by those who support the hydroxylamine hypothesis. A more critical objection to the apparent utilization of small quantities of oximes is that the evidence is necessarily somewhat equivocal. Utilization of small quantities at a slow rate might be an artifact arising from the liberation of low, nontoxic levels of NH20H through the equilibrium: oxime z± NH20H + keto acid. The NH20H in turn can rapidly decompose to ammonia and N2, both readily available to the organism (Segal and Wilson, 1949 mine and hydrazine were toxic at relatively low concentrations (5 to 10 u.g N per ml), and, even more important, no evidence of utilization was obtained even when nontoxic levels were supplied. Oximes of pyruvate, oxalacetate, and a-ketoglutarate apparently were used, but the rate was slow.
Nitrite and nitrate, not considered to be intermediates, were suitable as sources of nitrogen for C. pasteurianum, but only after a period of lag. The nitrogen in hyponitrite and nitrous oxide appeared to be unavailable.
